Much adult physical inactivity research ignores early-life factors from which later influences may originate. In the 1958 British birth cohort (followed from 1958 to 2008), leisure-time inactivity, defined as activity frequency of less than once a week, was assessed at ages 33, 42, and 50 years (n = 12,776). Early-life factors (at ages 0-16 years) were categorized into 3 domains (i.e., physical, social, and behavioral). We assessed associations of adult inactivity 1) with factors within domains, 2) with the 3 domains combined, and 3) allowing for adult factors. At each age, approximately 32% of subjects were inactive. When domains were combined, factors associated with inactivity (e.g., at age 50 years) were prepubertal stature (5% lower odds per 1-standard deviation higher height), hand control/ coordination problems (14% higher odds per 1-point increase on a 4-point scale), cognition (10% lower odds per 1-standard deviation greater ability), parental divorce (21% higher odds), institutional care (29% higher odds), parental social class at child's birth (9% higher odds per 1-point reduction on a 4-point scale), minimal parental education (13% higher odds), household amenities (2% higher odds per increase (representing poorer amenities) on a 19-point scale), inactivity (8% higher odds per 1-point reduction in activity on a 4-point scale), low sports aptitude (13% higher odds), and externalizing behaviors (i.e., conduct problems) (5% higher odds per 1-standard deviation higher score). Adjustment for adult covariates weakened associations slightly. Factors from early life were associated with adult leisure-time inactivity, allowing for early identification of groups vulnerable to inactivity.
Physical inactivity is highly prevalent with high avoidable health and economic costs. One-third of adults are estimated to be inactive (1) , and worldwide inactivity is associated with approximately 5.3 million of 57 million deaths annually (2) . For those who are inactive (defined as activity frequency of less than once per week), the risk of all-cause mortality was found to be higher compared with those who are highly active, with higher rates of cardiovascular death of 32% and 43% in men and women, respectively (3, 4) . In developed countries, inactivity accounts for an estimated 1.5%-3.0% of total direct health care costs (5) (e.g., in 2006-2007, inactivity cost the United Kingdom's National Health Service approximately £0.9 billion (6)). Given such health and economic costs, calls have been made for research on inactivity and its determinants (7) , but the literature still focuses largely on higher activity levels. Although knowledge of influences on higher activity levels may be desirable, it is also important to understand the causes of inactivity, given evidence that even low activity levels (i.e., the avoidance of inactivity) protect against death (8, 9) . Inactivity is a modifiable risk factor, and positive, sustainable behavior changes could lead to reduced health care costs and burden of disease. Inactivity prevention is, therefore, a key public health goal; understanding the determinants of inactivity in the general population at different life stages is required to develop interventions aimed at the prevention of inactivity-related chronic disease.
It is possible that, within the broad range of macro-to individual-level influences on activity participation (10) , earlylife factors might program later health and associated behaviors. Evidence that health behaviors tend to track from early life to adulthood (11) provides some support for a role of factors in early life. Potentially, such early influences on later inactivity could include physical, social, and behavioral domains (e.g., poor coordination (physical domain), adversities (social domain), and smoking (behavioral domain)). Previous work suggests that social and/or behavioral influences on adolescent activity were stronger than physical influences (12, 13) , but whether such effects are maintained into adulthood is unknown. Studies of adult (in)activity patterns have identified several contemporary influences, including physical factors (e.g., disabilities (14) ), social factors (e.g., income (15) ), and behavioral factors (e.g., smoking (16) ). However, many studies of adults tend to be of mixed-aged, nonrepresentative samples (14) (15) (16) (17) , and importantly, most pay little attention to early-life factors that may represent the origins from which influences on later inactivity evolve. For example, adversities experienced in childhood could lead to poor emotional adjustment (18) , which in turn can lead to the adoption of hazardous behaviors, such as inactivity.
Using a nationwide general population sample, we aimed to identify influences on adult leisure-time inactivity. Our specific objectives were to examine associations with inactivity at ages 33, 42 , and 50 years of 1) factors within each early-life domain (i.e., physical, social, and behavioral), separately and combined, 2) the 3 early-life domains combined, and 3) all domains allowing for adult factors.
METHODS
The 1958 British birth cohort is an ongoing longitudinal study of all persons born in Britain during 1 week in 1958 (n = 17,638) (19) . Information was collected during childhood (at birth and at ages 7, 11, and 16 years) and adulthood (at ages 23, 33, 42, 45, and 50 years). Ethical approval was given by the London Multicentre Research Ethics Committee (London, United Kingdom); informed consent was obtained from participants at various ages (including at age 50 years). Respondents in midadulthood are broadly representative of the total surviving cohort (20) . The sample for this study consists of cohort members with at least 1 measurement of inactivity (at age 33, 42, or 50 years), who were alive and living in Britain at age 50 years (n = 12,776).
Physical inactivity at ages 33, 42, and 50 years was measured by asking participants about leisure-time activity frequency with a list of examples (e.g., swimming, going for walks). Similar to others (3, 4, 21) , we identified low activity as an activity frequency of less than once per week, hereafter referred to as inactivity.
Early-life predictors were identified from previous studies of adolescent activity (12, 13, (22) (23) (24) (25) and adolescent predictors of adult (in)activity (26, 27) . Most potential predictors were assessed prospectively from birth to age 16 years and categorized into 3 domains ( physical, social, and behavioral) ( Table 1) . Adult factors at age 33 years included social class (4 categories, as for parental social class at birth; see Table 1 ), education (5 categories ranging from none to university degree), measured body mass index (weight (kg)/height (m) 2 ), number of children in the household (range, 0-8), physically limiting illness, and psychological items of the Malaise Inventory (28) .
To facilitate comparisons, we converted all continuous early-life factors (i.e., parental body mass index, maternal age, prepubertal stature, cognitive ability, internalizing behaviors (i.e., emotional problems), and externalizing behaviors (i.e., conduct problems or antisocial problems) to internally standardized z scores (mean = 0, standard deviation, 1). To estimate associations of early-life factors with adult inactivity, we conducted analyses in 3 steps. First, we examined associations of factors within each domain (separately and then combined) with inactivity at ages 33, 42, and 50 years. We considered whether the within-person inactivity correlation at these 3 adult ages was an important analytical consideration by modeling the repeated binary outcome using generalized estimating equations, assuming an unstructured covariance matrix. To establish whether associations with early-life factors differed by age, we included an interaction term (age × factor). Estimated associations from models of generalized estimating equations were consistent with those from separate analyses of inactivity at ages 33, 42, and 50 years (Web Table 1 , available at http://aje.oxfordjournals.org/). For ease of interpretation, all subsequent analyses were performed using separate analyses for inactivity at ages 33, 42, and 50 years. Hence, within each early-life domain, we examined univariate associations between each factor and inactivity at each age using separate logistic regression models. We then built 3 domain-specific multivariable models by including only factors specific to each domain. Second, we combined factors from the 3 domains in analyses of inactivity; any factor associated with inactivity (at age 33, 42, or 50 years) in domain-specific models was selected for inclusion in a model of the 3 domains combined. Third, we examined whether associations were independent of adult factors by adjusting for the adult factors described above.
Differences in associations by sex between early-life factors and inactivity were examined using an interaction term (sex × factor). There was little evidence of effect modification; hence, data from both sexes were combined in analyses. Missing data ranged from 1% (on internalizing and externalizing behaviors) to 38% (on physical handicap/disabling condition). To minimize data loss, we imputed missing data by using multiple imputation chained equations; imputation models included all model variables, including previously identified key predictors of missingness (20) . Regression analyses were run across 10 imputed data sets. Imputed results were broadly similar to those produced when using observed values; the former are presented.
RESULTS
At each adult age, approximately 32% of participants were inactive (Table 2) ; however, there was variation within persons as they aged. A total of 52% of the participants who were inactive at age 33 years were also inactive at age 42 years, and 48% of the participants who were inactive at age 42 years were also inactive at age 50 years (data not shown).
Univariate and multivariable associations
In initial analysis, we found no associations with inactivity at any of the 3 adult ages for low birth weight, birth order, paternal body mass index, pubertal timing, overweight or obesity, maternal employment, childhood abuse, or sleeping problems. Thereafter, these factors were excluded from analyses.
Early-life physical factors. Most physical factors were related to inactivity at all 3 adult ages in univariate analyses. Associations were maintained in multivariable analyses, except for maternal smoking in pregnancy and physical handicap/disabling condition. Shorter prepubertal stature, poorer cognition, and poor hand control/coordination were related to inactivity, with similar magnitudes of association at ages 33, 42, and 50 years (Table 3) . Early-life social factors. Most social factors were related to inactivity at all 3 adult ages in univariate analyses. Associations were maintained in multivariable analyses, except for parental divorce, poor household amenities, and institutional care at some, though not all, ages. Lower parental social class at child's birth, minimal parental education, and childhood neglect were associated with higher odds of inactivity at ages 33, 42, and 50 years (Table 3) .
Early-life behavioral factors. In univariate analyses, most behavioral factors were related to inactivity at all 3 adult ages. Associations were maintained in multivariable analyses except for dissatisfaction with nearby sporting facilities, and at some ages, internalizing behavior, unsociability, and lower alcohol consumption. Lower activity levels, average or below average sports aptitude, externalizing behavior, and smoking were related to inactivity at ages 33, 42, and 50 years, with varying magnitudes of association (Table 3) .
Associations for combined domains and with adjustment for adult factors
In models that adjusted for factors from all domains simultaneously (Table 4) , the odds ratios for inactivity at age 33 years ranged from 0.86 (95% confidence interval: 0.82, 0.91) for 1-standard deviation higher cognition to 1.41 (95% confidence interval: 1.23, 1.61) for average or below average sports aptitude. Lower activity levels, average or below average sports aptitude, and poorer cognition were related to inactivity at all 3 adult ages. Associations with cognition were similar at all ages, whereas the associations for lower activity levels, average or below average sports aptitude, and smoking attenuated with age (e.g., the odds ratio for smoking was 1.23 (95% confidence interval: 1.10, 1.38) at age 33 years but nonsignificant at age 50 years). Shorter prepubertal stature, poor hand control/coordination, lower parental social class at child's birth, minimal parental education, parental divorce, poorer household amenities, institutional care, externalizing behavior, and unsociable behaviors were related to inactivity at ages 42 and/or 50 years but not at age 33 years. Maternal body mass index and age, childhood neglect, internalizing behaviors, and alcohol consumption were not associated with adult inactivity when domains were analyzed simultaneously. After adjustment for adult covariates, parental education and household amenities were no longer associated with adult inactivity (Table 5) . For poorer cognition, smoking, and average or below average sports aptitude, associations were seen at age 33 years and/or 42 years but not at age 50 years; whereas for shorter prepubertal stature, poor hand control/coordination, lower parental social class at child's birth, parental divorce, institutional care, and externalizing and unsociable behaviors, associations remained, although slightly attenuated, at ages 42 and/or 50 years but not at 33 years. Associations between activity level at age 16 years and inactivity at all 3 adult ages were maintained.
DISCUSSION
In a nationwide general population sample followed from birth, we identified 3 important findings. First, approximately one-third of the population was inactive during leisure time in adulthood, and the prevalence of inactivity was similar across 3 ages (i.e., 33, 42, and 50 years). Low activity levels during adolescence were associated with inactivity decades later in adulthood, suggesting that inactivity tracks over long periods of life. Second, by examining an extensive array of early-life factors, we showed that factors from childhood, spanning exposures and developmental markers (e.g., shorter prepubertal stature, low parental social class, and externalizing behavior) were related to adult inactivity. Associations ranged from 14% lower odds of inactivity for 1-standard deviation higher cognition to 41% higher odds of inactivity for average or below average sports aptitude. Third, our findings suggest that pathways through which early-life factors influence adult inactivity vary. For example, adolescent cognition may operate partly through subsequent adult characteristics, whereas prepubertal stature may influence inactivity independently of other early-life or adult factors, possibly indicating "programming" of adult behaviors.
A strength of this study is the repeat, identical measurements that allowed comparison of inactivity over a substantial period in adulthood. The data enabled examination of a wide range of prospectively measured predictors from different early-life domains. To our knowledge, no other study has investigated such an extensive array of early-life factors simultaneously. We were also able to examine whether early-life factors were associated with adult inactivity independent of adult factors. However, the study has limitations. Our activity measures are limited to leisure-time activity, rather than total activity, which would include other domains (e.g., occupation). There is no consistent definition of inactivity that we could apply here; some studies use failure to meet recommended activity levels (2, 16), whereas others identify the least active persons in a population (26, 27, 29) . Our measure is based on self-reported infrequent activity (<1 time/week), which has been used previously (3, 4, 21) and found to be associated with mortality risk (3, 4) . Organization of earlylife factors into 3 domains was subjective, but it afforded a structured and pragmatic approach; moreover, the domains are related to theoretical constructs of health and social capital (30) . Because the study is observational, uncontrolled covariates could account for some of the observed associations. Finally, as with any long-term study, sample attrition occurred over follow-up, although respondents in midadulthood were broadly representative of the surviving cohort (20) . Maximizing available data, our models included participants with at least 1 measurement of inactivity at age 33, 42, or 50 years, who were living in Britain at age 50 years. We avoided sample reductions due to missing information by using multiple imputation (31) . Despite calls for better understanding of inactivity (7), most research focuses on higher levels of activity or sedentary . f Measured on a scale ranging from high (professional/managerial) to low (semiskilled/unskilled or single-parent household).
g Those with versus those without the attribute. h Measured on a scale ranging from most active to least active. i Based on teacher ratings on a scale ranging from sociable to withdrawn. j Measured on a scale ranging from 7 or more units/week to never drinkers.
behavior. However, sedentary behavior and physical (in)activity may represent separate constructs, contributing to disease risk via independent pathways (32). The various definitions of inactivity make comparison with other studies difficult, but some consistent themes can be identified. As expected, we found that lower activity levels and average or below average sports aptitude at age 16 years were associated with higher odds of inactivity in adulthood, which agrees with the results of other studies of (in)activity from adolescence to adulthood (33, 34) . Moreover, the attenuating association with age, from 52% higher odds at age 33 years (most vs. least active at age 16 years) to 26% higher odds at age 50 years, is consistent with observations that tracking is stronger over short periods and attenuates through the life course (7). Even so, continuities in inactivity over long periods suggest that efforts to reduce childhood inactivity may have benefits in later life.
The particularly novel finding of our study is that many factors across early-life domains were related to adult inactivity. Because most previous studies addressed adult rather than early-life predictors (14-17), they cannot shed light on how influences on adult inactivity have evolved. In some instances, our results underline the early-life or developmental origins of particular predictors of adult inactivity. For example, educational attainment, which largely reflects cognitive development across earlier life (i.e., before adulthood) has been associated with adult activity (15, 16, 26, 27, 29) ; whereas our study highlights earlier abilities specifically, with approximately 12% lower odds of adult inactivity per 1-standard deviation higher cognition. Such findings, in agreement with those from a Finnish birth cohort (27) , imply that early cognitive ability has a long-term influence on adult behavior, partly because it influences educational level and related social destinations in adulthood. However, in addition to operating in part via adult characteristics, this long-term association for cognition and other findings from our study may point to "programming" of behaviors such as inactivity (an idea raised by others (12)) or at least early-life vulnerabilities. Notably, in this regard, we found shorter prepubertal stature to be related to adult inactivity. Shorter stature in childhood and adulthood is associated with adult morbidity and mortality risk (35) , but to our knowledge, there is only 1 previous study linking short stature with subsequent activity levels (23) . Thus, our finding is novel: a 1-standard deviation increase in height (6.5 cm) at age 7 years was related to 6% lower odds of inactivity at age 50 years, independent of other early-life and adult factors. This finding may reflect growth tempo, yet no association was seen for pubertal timing, and maturation status has been shown to have inconsistent associations with adolescent activity (22) . It is possible that this is a chance finding, although associations seen for other early-life physical factors suggest that some developmental markers may affect later risk of inactivity. Specifically, hand control/coordination problems at age 7, 11, or 16 years were associated with 14% higher odds of inactivity at age 50 years, whereas problems identified at all 3 ages in childhood were associated with 48% higher odds of inactivity at age 50 years. This finding is consistent with reported associations between fewer health problems in childhood and higher odds of being a very active adult (26) . Interestingly, shorter prepubertal stature and poor hand control/coordination were related to inactivity at later ages (42 and 50 years) but not at an earlier age (33 years). A possible explanation could be that prepubertal stature and hand control/coordination problems augur earlier onset of poor health in adulthood. We explored this possibility in analyses of inactivity at age 50 years by including additional adjustment for biomarkers at age 45 years (i.e., lung function, blood pressure, lipids, and glycated hemoglobin) and self-reported poor health at age 50 years, and we found that associations were little affected (data not shown). Thus, our findings for prepubertal stature and hand control/coordination problems are consistent with early programming of adult inactivity. There are several processes that may be operating. There may be a lack of suitable activity options in childhood for those with poor hand control/coordination or short stature; were these options available, they might subsequently mitigate against leisure-time inactivity in adulthood. Alternatively, there may be neurological deficits in these groups (36) that impede activity participation, as suggested by our finding that poorer early cognitive ability predicts adult inactivity. Further investigation of the possible processes involved is warranted. However, if early programming of adult inactivity is operating, it did not appear to extend to other early factors. Specifically, we found no association for low birth weight or birth order, which agrees with results of studies of adolescent activity (37) though not for birth order (12, 13) . Whereas others have reported that adiposity predicts subsequent lower activity levels (38) (39) (40) and sedentary behavior (41), we, like others (12) , found no such association. Discrepancies could be caused by differences in definitions of inactivity or age of outcome with studies examining children (38, 40) or mixed-age adult samples (39) , even though the adiposityphysical inactivity association could change with age (42) .
Externalizing and unsociable behaviors in adolescence were related to inactivity at age 42 years and/or 50 years, but not at age 33 years. Corresponding findings for greater adolescent sociability and higher levels of activity in adolescence (24) and adulthood (26) have been observed, and 1 review identified extraversion (of which sociability is a component) as a correlate of activity (43) . However, internalizing behavior in adolescence was shown here to be unrelated to inactivity in adulthood after allowance for physical and social factors. Smoking in adolescence has been shown to predict lower activity levels in white adolescents (25) , and here we found an association with later inactivity that attenuates with age from 33, to 42, to 50 years. It is possible that, because risk behaviors such as inactivity and smoking tend to cooccur (44) , the association for adolescent smoking reflects or anticipates future cooccurring behaviors.
Several social factors (i.e., low parental social class, minimal parental education, parental divorce, poor household amenities, and institutional care) were related to inactivity later in adulthood, but not at age 33 years. As would be expected for such "downstream" influences, associations appear to operate mostly via early-life physical and behavioral development, as suggested by a comparison of Tables 3 and 4 . We might also expect that associations for early-life factors operate via adult factors, given associations of low adult social class with inactivity in cross-sectional studies (45, 46 ). Yet upon adjustment, attenuation of associations for social factors was modest, suggesting that their influence is independent of adult factors. Per 1-point lower parental social class at child's birth (on a 4-point scale), the odds of inactivity at age 50 years were higher by 9% (i.e., those from unskilled manual backgrounds had 30% higher odds of inactivity at age 50 years compared with those from professional/managerial backgrounds). These associations may be caused by poorer adult health of those from unskilled manual groups, as previously documented (e.g., low childhood social class was related to chronic widespread pain in midadulthood, independently of adult social position (47)). In turn, chronic widespread pain may lead to inactivity. Yet, associations for inactivity at age 50 years were little affected by additional adjustment for adult biomarkers and poor health (data not shown). Alternatively, a manual occupation may not be conducive to physical activity during leisure time among parents (48) , with transmission of behavior to offspring (i.e., children were more active if their parents were active early in the children's lives (13) ). Intergenerational transfer of behaviors is known to occur, with specific parental health-risk behaviors (e.g., not exercising) predicting similar behavior in their children (49) and, with tracking, inactivity could continue into adulthood.
Adult leisure-time inactivity appears to be influenced by a range of factors over the formative early-life period and not solely in adulthood. Our study highlights specific early-life capabilities, attributes, and environments that were associated with adult inactivity. These findings suggest potential pathways through which early-life factors could influence different aspects of adult health. For example, prepubertal stature, poor physical control/coordination in childhood, and low social class all have well-known associations with adult outcomes such as obesity, cardiovascular risk, and death (30, 35, 36) . Our results suggest that adult inactivity could be on the pathway between these early-life factors and adult outcomes, whereas null findings for low birth weight suggest that adult inactivity is less likely to be on the pathway to adult health outcomes.
Although we acknowledge broader macro-level influences on inactivity (10, 50) , our findings imply the existence of groups who are vulnerable in early life for whom intervention is needed to avoid future leisure-time inactivity in adulthood. Health 2020, the World Health Organization's European health policy framework, indicates that social gradients of health are a key challenge; the World Health Organization's website has identified the importance of promoting activity in socially disadvantaged groups (51) . These policies and our findings, taken together, raise the question of whether there might be strategies or interventions to broaden activity participation to such groups (e.g., those with shorter prepubertal stature, lower social class, or unsociable behaviors) who might otherwise become inactive adults. For example, strategies could include broadening the range of activities available. More generally, our findings support arguments for early-life investments to maximize health and social capital for long-term health gains (52) .
